A three-dimensional numerical model has been developed using large eddy simulation , to simulate the motion of axisymmetric gravity currents, which are generated by direct dumping of sediments into quiescent water. The model governing equations are three-dimensional, incompressible Navier-Stokes equations and mass transport equation. The solution technique employs operator-splitting algorithm to split governing equations into three parts, namely, advection part, diffusion part, and pressure part. The advection part is solved by the Quadratic Upstream Interpolation for Convective Kinematics with Estimated Streaming Terms using Universal Limiter (ULTIMATE QUICKEST) scheme. The Compact Finite Difference (CFD) scheme is used to solve diffusion part and the Successive Over-Relation (SOR) method is employed for pressure part. The modified Smagorinsky model, which includes a buoyancy term, is used for turbulence closure. The flow characteristics of the experimental axisymmetric gravity current, including intrusion distance, front height, front velocity, and the amount of deposited particles obtained from experiment are found to be in agreement with the simulations.
INTRODUCTION
Gravity currents are frequently occurred in both natural and man-made situations. In case of natural occurrences, many environmental phenomena such as, sea breeze fronts, avalanches, and flows following volcanic eruptions, sediment-laden river entering into the sea etc., are the examples of gravity currents. In case of man made occurrences, common examples of gravity current are accidental release of industrial gases, industrial discharges and dumping of sediments into quiescent water. Gravity currents have been a matter of extensive investigations1),2),3),4),5)6),7). For instance, Huppert and Simpson1) carried out experiments on twodimensional gravity currents and showed that the motion can be described as an initial slumping phase followed by self-similar phase. Laneserff et el.2) experimentally investigated two-dimensional gravity current flow over obstacles based on shallow water theory. Akiyama et el. 3) numerically and experimentally investigated two-dimensional gravity currents, generated by dumping of a particle cloud into ambient water. They investigated the effects of turbidity fence to control the turbidity of the dumped cloud_ Cheong and Han4) performed a numerical study of two-dimensional gravity currents on a slope. On the other hand, Bonnecaze et el.5), Ross et el.6) and Haq7) investigated axisymmetric gravity currents using shallow water equations. All the above studies of axisymmetric gravity current are dealing with the gravity currents generated by instantaneous release of dense suspension contained in a box along bottom. To the best of our knowledge, there are no reported studies on axisymmetric gravity currents generated by dumping.
In this study, we have conducted laboratory experiments for axisymmetric gravity current generated by dumping of a dense suspension, composed of water and particle mixture, into quiescent water. A three-dimensional numerical model is developed using large eddy simulation for simulating such gravity currents. The validity of the model is tested against experimental results of front height, front velocity and effective gravity force of deposited particles. containing black dot, as shown in Fig.1 . The collected particles were dried and then weighed to calculate Wd. In order to increase the reliability of data, the experiment was repeated three times under the same conditions and the data presented herein are average values of three experimental repetitions. The relative error is found to be about 10 % of the average values.
EXPERIMENTS

MODEL DEVELOPMENT
In the development of the model, the following assumptions are made. The particle phase is treated as fluid phase and the drift velocity between fluid and particles is assumed to be the settling velocity of the particles. experimental Wd*. The comparison of experimental and simulated results shows that front heights Hx*, Hy*, and velocities Uf* and Vf* are reproduced to a reasonable accuracy. The contours of particle deposition pattern shows, that except the region close to the source (x*, y* less than 2.5), simulated Wd* is in reasonable agreement with the experiments.
CONCLUSIONS
A three-dimensional numerical model is developed, using Large Eddy Simulation, for the simulation of axisymmetric gravity currents generated by direct dumping of sediments into quiescent water. The laboratory experiments were conducted for the verification of the model. Reasonably good agreement was achieved between the experimental and simulated front heights Hx* and Hy and front velocities Uf* and Vf* as a function of intrusion distance Lx* and Ly* respectively. The simulated particle deposition pattern is in acceptable range of agreement with the experiments.
In future studies, we plan to examine the initial conditions of the model to treat the dumping of suspension above water surface and treatment of a as function of flow variables for deposition of particles.
